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The relevance of research.
     Relevance of the Study Chronic osteomyelitis represents one of the most complex and pressing problems in modern traumatology and orthopedics. Osteomyelitis is an inflammatory-destructive disease of bone tissue, predominantly of infectious origin. The main causes of chronic osteomyelitis include secondary infection of the bone by various strains of microorganisms, as well as post-traumatic complications associated with bone grafting in the context of inadequate surgical treatment [1–5]. Despite the widespread use of systemic antibacterial therapy, traditional approaches to the treatment of osteomyelitis do not always achieve a stable clinical effect. The use of high doses of antibacterial agents is associated with a number of limitations and contraindications and does not ensure sufficient efficacy [6]. Significant factors complicating treatment include insufficient vascularization of tissues in the area of destruction, the formation of new foci of necrosis, and difficulties in ensuring adequate surgical access, which are accompanied by additional tissue trauma. Unstable and insufficient concentrations of antibiotics directly at the pathological site are one of the key reasons for unsatisfactory treatment outcomes [7].
       Treatment of chronic osteomyelitis requires a comprehensive approach that includes combating pathogenic microflora, controlling the inflammatory process, reconstructing bone tissue, performing repeated surgical interventions, removing implant components, and eliminating bone defects [8, 9]. To achieve an effective outcome, it is necessary to ensure proper wound debridement, create a high local concentration of the antibiotic, fill the bone defect, and enhance the overall resistance of the macroorganism [10]. In this regard, increasing attention in recent years has been paid to methods of local antibiotic delivery. Carriers impregnated with antibacterial agents function as local drug delivery systems. They not only fill the cavities formed after surgical debridement but also help maintain a high concentration of the antibiotic directly at the site of infection, minimizing its systemic increase in blood serum [11]. At the same time, a significant drawback of such methods remains the rapid decrease in antibiotic concentration in the area of inflammation [12, 13].
      It should be noted that the local use of antibiotics has not yet become a universally accepted method of treatment and is often associated with an insufficient evidence base regarding its effectiveness. Despite the development of a wide range of antibiotic carriers [14–16], the problem of creating a material that would simultaneously ensure the replacement of bone defects, effective binding of the antibacterial agent, and its controlled sustained release in the affected area remains unresolved. Studies investigating the use of bone grafts impregnated with antibiotics are of particular scientific and practical interest [17, 18]. In such works, frozen or lyophilized bone fragments are typically used as carriers. However, there is a lack of data in the available literature regarding the impregnation of a whole bone graft prepared according to the Marburg Bone Bank system, particularly the femoral head, with antibiotics. Data on antibiotic concentrations in the bloodstream and in tissues surrounding the wound when using bone grafts prepared by this system also remain extremely limited.

       In global clinical practice, various types of bone allografts are used, including fresh, fresh-frozen, lyophilized, demineralized, and deproteinized bone fragments. It has been shown that implantation of cancellous bone grafts loaded with vancomycin can be effective in the treatment of infection, providing a high rate of pathogen eradication without the risk of systemic toxicity. Under experimental conditions, the release of gentamicin after implantation may be maintained at therapeutic concentrations for a certain period of time [19]. At the same time, the rate of gentamicin release from lyophilized bone is comparable to its release from fresh-frozen bone due to similarities in the porosity and microstructure of bone grafts: a high concentration of the drug is observed during the first two days, followed by a sharp decrease by the end of the second week. In addition, the osteoconductive and osteoinductive properties of such biomaterials used as defect fillers may be significantly reduced due to the presence of a considerable amount of chemical residues introduced during processing [20].
      It has been established that demineralized bone matrix, as an antibiotic carrier, can be used to maintain the minimum inhibitory concentration against microbial growth, thereby promoting defect healing and reducing the need for repeated surgical interventions [21]. However, the instability of antibacterial drug concentrations and unsatisfactory outcomes of bone tissue remodeling do not allow existing approaches to be considered fully adequate.
      Currently, polymethyl methacrylate (PMMA) granules and fragments of allogeneic bone materials are used as the standard treatment for chronic osteomyelitis when filling defects formed as a result of infectious and inflammatory processes [22]. However, each of these materials has certain disadvantages and does not meet the requirements for an ideal bone substitute. Such a material should be characterized by biocompatibility, bioresorbability, structural similarity to native bone tissue, ease of clinical use, cost-effectiveness, osteoinductive properties, the ability for complete remodeling within the recipient’s bone tissue, and stability during storage. An analysis of the literature over the past 20 years, as presented in leading scientific databases, indicates the absence of an optimal graft that would be effective in the treatment of chronic osteomyelitis by combining the properties of a local antibiotic delivery system with полноценной osteointegration. In this regard, the search for and development of effective systems for the local delivery of antimicrobial agents in the treatment of chronic osteomyelitis represent an important scientific and practical task in modern traumatology and orthopedics.
          Objective of the Study
To investigate the potential use of a bone allograft prepared according to the Marburg Bone Bank system as a biocarrier for antibiotics in the treatment of osteomyelitis, with subsequent replacement of damaged bone tissue in an experimental model using laboratory animals.
Research Objectives:
 1. To compare the diffusion of an antibiotic from an antibiotic-impregnated bone allograft into the systemic circulation with that from a biodegradable material based on nanocrystalline hydroxyapatite in a rabbit model of osteomyelitis.
 2. To compare the diffusion of an antibiotic from an antibiotic-impregnated bone allograft into the surrounding soft tissues with that from a biodegradable material based on nanocrystalline hydroxyapatite in a rabbit model of osteomyelitis.
 3. To evaluate the radiological effectiveness of an antibiotic-impregnated bone allograft in comparison with a biodegradable material based on nanocrystalline hydroxyapatite in a rabbit model of osteomyelitis.
Scientific Novelty
 1. For the first time, in a rabbit model of osteomyelitis, it has been established that the concentration of the antibiotic in blood plasma following local delivery from an antibiotic-impregnated bone allograft is 3.4 times higher than that achieved using a biodegradable material based on nanocrystalline hydroxyapatite.
2. For the first time, in a rabbit model of osteomyelitis, it has been established that the mean antibiotic concentration in soft tissues following its local delivery from an antibiotic-impregnated bone allograft is 2.2 times higher than the mean concentration achieved using a biodegradable material based on nanocrystalline hydroxyapatite.
 3. For the first time, in a rabbit model of osteomyelitis, it has been established that an antibiotic-impregnated bone allograft prepared using the original method, according to radiological assessment, reduces the severity of osteomyelitis signs on a binary scale by 39% compared with a biodegradable material based on nanocrystalline hydroxyapatite.
 4. The following developments have been created:
– “A device for fixation of laboratory animals for radiological examination,” certificate No. 15561 dated March 1, 2021;
– “A device for perforation of a bone allograft,” patent No. 3980 dated December 4, 2018;
– Computer program “AllograftKuat,” certificate No. 27000 dated June 8, 2022.
    Provisions Submitted for Defense: 
 1. A bone allograft prepared according to the Marburg Bone Bank system and impregnated with an antibiotic using the original method, in a rabbit model of osteomyelitis, provides a 3.4-fold higher concentration of the antibiotic in blood plasma on day 7 compared with PerOssal.
 2. A bone allograft prepared according to the Marburg Bone Bank system and impregnated with an antibiotic using the original method, in a rabbit model of osteomyelitis, provides a 5.2-fold higher concentration of the antibiotic in soft tissues compared on day 7 compared with PerOssal
 3. An antibiotic-impregnated bone allograft, used as a delivery system, in a rabbit model of osteomyelitis demonstrates, according to radiological assessment, a 39% lower score of osteomyelitis signs on a binary scale compared with a biodegradable material based on nanocrystalline hydroxyapatite.
     Practical Significance of the Results
The findings obtained in the dissertation can be used to develop a method for the application of a perforated bone allograft as an antibiotic carrier and for the reconstruction of bone defects in the treatment of chronic infection, as well as a technology for the clinical use of antibiotic-impregnated bone allografts in the treatment of chronic osteomyelitis following appropriate procedures for implementation into clinical practice.
      Implementation into Practice
Three implementation acts have been formalized for incorporation into the educational process: “Application of a device for fixation of laboratory animals”;
“Application of the computer program ‘AllograftKuat’”; “Application of a device for perforation of a bone allograft”  
(Appendices Ж, З, И of the dissertation).
     Relationship of the Dissertation with Other Research Works
The dissertation was carried out within the framework of a research project funded by the Ministry of Science and Higher Education of the Republic of Kazakhstan (grant No. AP05133674):
“Development and application of an antibiotic-impregnated allograft prepared according to the Marburg Bone Bank system for the treatment of osteomyelitis.”
     Author’s Contribution
The author, together with the scientific supervisor and the research team, conducted the experimental study, as well as the analysis and statistical processing of the obtained results. All surgical procedures, measurements, and observations of both experimental and control animals were performed by the author in collaboration with the research team. All materials were systematized, documented, and prepared in the form of the dissertation personally by the author.
      Approbation of the Work
The main provisions and scientific results obtained during the dissertation research were presented at the following scientific forums:
 1. Republican Scientific and Practical Conference with international participation “Polytrauma. Modern Approaches to Diagnosis and Comprehensive Treatment,” dedicated to the 80th anniversary of Doctor of Medical Sciences, Professor Amangazy Masalimovich Zhanaspayev (Semey, Republic of Kazakhstan, December 26, 2020);
 2. International Scientific and Practical Conference “Horizons of Modern Traumatology and Orthopedics” (Turkestan, September 15–16, 2022);
 3. 21st European Congress of Trauma and Emergency Surgery (Oslo, Norway, April 24–26, 2022);
4. Young Scientists Competition “Batpenov Readings” with international participation. The presentation titled “Comparison of Local Antibiotic Delivery Systems in the Treatment of Osteomyelitis in Rabbits in an In Vivo Experiment” was awarded 3rd place (Astana, 2025).
5. Meeting of the Regional Society of Traumatologists and Orthopedists in the Karaganda region (Order No. 9-0 of the Karaganda Region Health Department dated 06.01.2026) - oral report "Comparison of local antibiotic transport systems in the treatment of osteomyelitis in rabbits in in an in vivo experiment".
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A total of 12 scientific papers have been published on the topic of the dissertation, including 3 articles in journals recommended by the Committee for Quality Assurance in Science and Higher Education of the Ministry of Science and Higher Education of the Republic of Kazakhstan:
 1. Rudenko A., Tuleubaev B. Local transport of antibiotics in the treatment of tubular bones chronic osteomyelitis: Literature review // J Clin Med Kaz. - 2022. - Vol. 19, No. 2. - P. 14–20. - URL: https://doi.org/10.23950/jcmk/11995.
 2. Rudenko A., Tuleubaev B., Heybeli N. Use of a device for bone allograft channeling in an experiment with rabbits: Narrative review // J Clin Med Kaz. - 2022. - Vol. 19, No. 1. - P. 65–69. - URL: https://doi.org/10.23950/jcmk/11722.
 3. Rudenko A., Tuleubayev B., Saginova D. et al. Analysis of various models of chronic osteomyelitis in experimental animals // J Clin Med Kaz. - 2022. - Vol. 19, No. 4. - P. 21–27.
One publication in an international scientific journal indexed in the Scopus database:
 1. Tuleubayev B., Rudenko A. Investigation of Antibiotic Release from Bone Allograft in an Experiment on Rabbits // Open Access Maced J Med Sci. - 2021. - Vol. 9. - P. 833–837.
Intellectual Property
Two certificates of registration in the State Register of Copyright-Protected Objects have been obtained:
 1. Certificate No. 15562 dated March 1, 2021. Tuleubayev B.E., Rudenko A.P., Makhatov B.K.
“A device for fixation of laboratory animals for radiological examination.”
URL: https://copyright.kazpatent.kz/
 2. Certificate of state registration No. 27000 dated June 8, 2022. Tuleubayev B.E., Kurmangaliev E.T., Rudenko A.P.
“Computer program ‘AllograftKuat’.”
URL: https://copyright.kazpatent.kz/
Additionally, one utility model patent has been obtained:
· KZ No. 3980 (2018) “A device for perforation of a bone allograft.”
Authors: Tuleubayev B.E., Abiev T.M., Saginova D.A., Saginov A.M., Arutyunyan M.G., Dolotbek uulu A., Shabanov A.A., Rudenko A.P.
URL: https://gosreestr.kazpatent.kz/Utilitymodel/Details?docNumber=304960
Scope and Structure of the Dissertation
The dissertation consists of an introduction, a literature review, the main part (materials and methods, results of original research), a conclusion including findings and practical significance, and a list of references comprising 140 sources. The text is presented on 146 pages of typed manuscript and includes 9 appendices, 7 tables, and 40 figures.











Modeling of chronic osteomyelitis in rabbits
Modeling Chronic Osteomyelitis in Rabbits
To reproduce a model of chronic osteomyelitis, scientific studies had previously been conducted at the Department of Surgical Diseases [23]. Rabbits were selected as the experimental model because, in terms of bone mineral density and fracture toughness, their bone tissue is comparable to that of humans, making this species an appropriate subject for modeling bone infection. The aim of this stage was to develop a reproducible model of chronic osteomyelitis in mature rabbits with the formation of a uniform pathological process. Based on the analysis of literature data and previously described experimental approaches, an original model of chronic osteomyelitis was developed, tested in a series of experiments, and protected by an author’s certificate (Appendix B of the dissertation).
At the clinical base of the Department of Surgical Diseases of NCJSC “KMU,” in the Department of Combustiology and Purulent Traumatology of the Multidisciplinary Hospital named after Prof. Kh. Zh. Makazhanov (Karaganda, Republic of Kazakhstan), an analysis of the microbial landscape of chronic osteomyelitis had previously been conducted [24]. According to the results of this study, Staphylococcus aureus (S. aureus) was identified as the primary pathogen for modeling the infectious process. The choice of strain was justified by the results of the analysis of the microbial spectrum and antibiotic susceptibility profiles of 220 patients with chronic osteomyelitis treated at the specified clinic. It was established that the leading pathogens were Gram-positive microorganisms, among which S. aureus was isolated in 61% of cases. Analysis of antibiotic susceptibility showed the highest sensitivity of pathogens to third-generation cephalosporins, aminoglycosides, glycopeptides, and fluoroquinolones, with sensitivity to gentamicin reaching 84%. Gentamicin was selected as the antimicrobial agent, also due to its thermal stability during processing of the impregnated graft in the Lobator sd-2 device.
To induce osteomyelitis in rabbits, an inoculum of the laboratory strain of S. aureus (ATCC 43300) with a turbidity of 3 McFarland units was used. In addition, a group of authors conducted microbiological and histological studies to evaluate the effectiveness of PerOssal® [24]. It was found that the biodegradable material PerOssal®, impregnated with an antibiotic, exhibited antibacterial activity against Gram-positive microorganisms, with significantly greater activity against S. aureus (p = 0.05).
Surgical modeling of chronic osteomyelitis was performed under aseptic conditions. In the projection of the distal femoral metaepiphysis, a skin incision up to 2 cm in length was made, followed by layer-by-layer dissection to expose the lower third of the femur. A 3.0 mm hole was drilled in the bone. Then, a piece of sterile cotton soaked in 0.2 ml of the prepared medium containing S. aureus culture was placed into the drilled hole. Within 14 days following the procedure, a chronic osteomyelitis model developed in all animals.
After surgery, osteomyelitis was successfully induced in all 40 rabbits using the developed method. On day 14, all animals underwent X-ray examination to assess the development of the pathological process, followed by calculation of the total radiographic score ranging from 0 to 12.
Radiographic changes were evaluated using the scale proposed by C. L. Kelly et al. [25], developed for experimental models of osteomyelitis in laboratory animals. This scale includes four parameters: osteolysis, periosteal reaction, sequestration, and soft tissue changes. Each parameter was scored from 0 to 3, with a total score ranging from 0 to 12. The results were interpreted as follows: 0 points – no signs; 1 point – minimal changes that may occur after surgery and do not confirm infection; 2 points – moderate pathological changes; 3 points – pronounced pathological signs. A score of 3 points in at least one parameter was sufficient to establish the diagnosis of osteomyelitis, regardless of other indicators.
Radiographic evaluation confirmed the development of chronic osteomyelitis in all experimental animals. Most animals demonstrated total scores exceeding the threshold value of 3 points, corresponding to the minimum level indicative of osteomyelitis (Figure 2). The position of the median values and interquartile ranges above this threshold indicated stable reproducibility of the model. Thus, radiographic findings confirmed the successful establishment of a chronic osteomyelitis model in all rabbits using the developed method (Appendix B of the Dissertation).
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     Materials and Methods
     After establishing a model of chronic osteomyelitis in all animals, the second stage of the study was initiated. All animals were randomly divided into two groups of 20 each. Group 1 consisted of rabbits that, after surgical debridement of the infection site, received implantation of the synthetic osteoconductive resorbable bone substitute PerOssal® loaded with gentamicin. Group 2 included animals that, following debridement of the infection focus, underwent implantation of a perforated bone allograft impregnated with an antibiotic using the original method developed by B. E. Tuleubaev et al. (Appendix G of the Dissertation).
     For this stage of the study, femoral heads obtained from living donors (patients undergoing hip arthroplasty) were used in accordance with the regulatory framework of the Republic of Kazakhstan. Femoral heads with a diameter of 50–55 mm, without pronounced sclerosis or structural damage, were included in the experiment.
     Bone allografts were perforated using a proprietary technique (Device for perforation of bone allograft, KZ Patent No. 3980, IPC A61M 31/00 (2006.01), dated May 17, 2019). Subsequently, thermal processing was performed using the “Lobator sd-2” device in accordance with the manufacturer’s instructions.
     In both groups, daily clinical monitoring was carried out after implantation, including body temperature measurement and body weight assessment. Radiographic examination was performed in both groups before implantation and on days 14, 28, and 42. In experimental animals, gentamicin concentration was determined using high-performance liquid chromatography (HPLC) by collecting blood samples at 1, 3, and 6 hours after implantation surgery, as well as on days 1, 2, 5, 6, and 7.
     On days 1, 2, 3, 6, and 7, soft tissues were excised in the region of the distal third of the femur in accordance with a standard operating procedure (SOP). Tissue sampling was performed under general anesthesia.
     The experimental study was conducted on 40 sexually mature rabbits of both sexes, aged 4–5 months, with a body weight of 3000–3500 g. The selection of experimental animals was based on their anatomical and physiological characteristics: the structure and size of the rabbit femur allow for the creation of a bone defect followed by the development of osteomyelitis, while the bone volume and reparative potential enable observation of all stages of the pathological process. Standardization and representativeness of the study were ensured by selecting animals comparable in sex, age, and body weight.
     The animals were housed under standard vivarium conditions at a temperature of 18–22 °C with a 12/12-hour light–dark cycle. The study was conducted following approval by the local ethics committee based on the decision of the Bioethics Committee of the Karaganda State Medical University (Protocol No. 4 dated September 25, 2017, No. 13). All invasive procedures were performed in compliance with aseptic and antiseptic rules, as well as the principles of humane treatment of animals in accordance with the current regulatory requirements of the Republic of Kazakhstan.
      All procedures were performed under general anesthesia using xylazine at a dose of 7 mg/kg intravenously in combination with ketamine at a dose of 35 mg/kg intramuscularly. Euthanasia of the animals was carried out at the end of the experiment by overdose of anesthetic agents in accordance with established regulatory guidelines.
     The study design included two stages. At the first stage, experimental modeling of chronic osteomyelitis was performed. At the second stage, after confirmation of the established model, all operated animals were randomized into two groups of 20 animals each depending on the surgical treatment strategy applied.
      In Group 1, after debridement of the infection site, the bone defect was filled using a synthetic osteoconductive resorbable bone substitute PerOssal®, based on hydroxyapatite and calcium sulfate, impregnated with an antibiotic. In Group 2, after debridement of the infectious focus, a perforated bone allograft impregnated with an antibiotic using the original method developed by B. E. Tuleubaev et al. was implanted (Appendix G of the Dissertation).
     After clinical and radiological verification of the established chronic osteomyelitis model, a repeated surgical intervention was performed under general anesthesia. Following layer-by-layer incision of the skin and soft tissues in the projection of the infected bone, wound debridement, skeletonization of the femur, removal of damaged bone tissue, and subsequent defect reconstruction using the appropriate implant material according to group allocation were performed.
     For the second stage of the study, femoral heads obtained from living donors after hip arthroplasty were used as allogeneic material in accordance with the current legislation of the Republic of Kazakhstan. Femoral heads with a diameter of 50–55 mm without signs of pronounced sclerosis or mechanical damage were included. Bone allografts were perforated using the original technique, followed by thermal processing with the Lobator sd-2 device according to the manufacturer’s instructions.
    In both groups, daily clinical assessment of the animals was performed, including body temperature measurement and body weight monitoring. Radiological examination was carried out before surgery and on days 14, 28, and 42 after implantation.
    To evaluate the local and systemic pharmacokinetics of the antibiotic, gentamicin concentrations were determined using high-performance liquid chromatography (HPLC). Blood samples were collected at 1, 3, and 6 hours after surgery, as well as on days 1, 2, 5, 6, and 7 after implantation. Soft tissues in the region of the distal third of the femur were excised on days 1, 2, 3, 6, and 7 in accordance with a standard operating procedure; tissue sampling was performed under anesthesia. The study design is presented in Figure 2.
              [image: ]


 Figure2-Study design


      Methods of Statistical Analysis
     Statistical analysis of the obtained data was performed using Microsoft Excel (Microsoft Office 2010) and Statistica 13.0 software. The selection of statistical methods was based on the sample size, data distribution characteristics, and the specifics of the experimental design.
     Descriptive statistics were calculated for quantitative variables depending on the type of distribution. For normally distributed data, results were presented as mean (M), standard deviation (SD), and 95% confidence interval (95% CI). For non-normally distributed data, variables were expressed as the median (Me) and interquartile range (Q25–Q75).
     For qualitative variables, relative frequencies and proportions were calculated. Comparisons of quantitative variables between groups were performed using the nonparametric Mann–Whitney U test. Differences in qualitative variables were assessed using Pearson’s χ² test; when the expected cell count was less than 5, Fisher’s exact test was applied. A p-value of < 0.05 was considered statistically significant.
     Results and Discussion
    To ensure objectivity, the effectiveness of two methods of gentamicin delivery was evaluated within the experimental study: the use of PerOssal® granules and a perforated bone allograft impregnated with this antibiotic.
    Quantitative analysis of gentamicin concentration was performed using high-performance liquid chromatography (HPLC) with a chromatographic system. Samples of blood plasma and adjacent soft tissues were obtained from rabbits in two groups (20 animals per group): Group 1 — PerOssal® granules loaded with gentamicin, and Group 2 — perforated bone allograft impregnated with gentamicin.
     Sampling in both groups was performed at identical time points: 1, 3, and 5 hours after surgery, as well as daily for 7 days. Quantitative HPLC data for experimental animals in Group 1 (PerOssal® granules) are presented in Table 1.
Table 1. Comparative characteristics of the values of gentamicin concentration in blood plasma in different periods of observation of the use of bone allograft impregnated with an antibiotic.

	Follow-up period
	Iu
	IQR
	Iu
	IQR
	
	

	
	Perossal®Ng/ ml
	Bone allograft
Ng/ ml
	U-value.criteria
	p

	1h
	78.39
	59.7
	71.55
	13.62
	8.0
	0.004

	3h
	3h
	73.10 9.94
	40.13
	1.84
	26.0
	0.002

	5h
	70.66
	48.31
	38.50
	10.38
	3.0
	0.001

	1 day
	57.06
	42.88
	35.21
	40.18
	7.0
	0.003

	2 day
	56.89
	23.36
	29.95
	4.49
	15.0
	0.007

	3 day
	34.20
	2.07
	23.1
	26.13
	8.0
	0.002

	4 day
	29.12
	30.39
	21.55
	3.03
	5.0
	0.001

	5 days
	21.55
	3.03
	19.57
	12.88
	20.0
	0.003

	6 days
	11.19
	1.30
	18.95
	5.68
	11.0
	0.001

	7 days
	5.02
	16.10
	17.41
	14.00
	8.0
	0.004

	
	
	Note: U-Mann-Whitney test for k-independent groups)


Thus, Table 1 demonstrates that PerOssal® provides higher concentrations of gentamicin in blood plasma at early time points after implantation, whereas the bone allograft impregnated with an antibiotic is characterized by a more prolonged drug release, as evidenced by relatively higher plasma concentrations on days 6–7 of observation. These findings suggest differences in the pharmacokinetic profile of gentamicin release depending on the carrier used. The comparison between the groups is presented in Table 2.

Table 2 Results of the study of median concentrations of gentamicin in soft tissues

	Follow-up period
	Iu
	IQR
	Iu
	QR
	
	

	
	Perossal® ng/ mg
	Bone allograft ng/ mg
	U-value.
	p criteria

	1h
	2.49
	2.64
	5.8
	4.4
	8.0
	0.001

	3h
	2.65
	0.14
	2.69
	0.23
	26.0
	0.008

	5h 
	1.64
	0.56
	1.87
	0.94
	3.0
	0.003

	1 day
	0.33
	0.38
	1.45
	0.63
	7.0
	0.002

	2 day
	0.37
	0.11
	1.37
	0.18
	15.0
	0.001

	3 day
	0.28
	0.11
	1.31
	0.19
	8.0
	0.004

	4 day
	0.27
	0.57
	1.3
	0.95
	5.0
	0.009

	5 day
	0.24
	0.24
	1.26
	0.4
	20.0
	0.001

	6 days
	0.22
	0.13
	1.15
	0.22
	11.0
	0.003

	7 days
	0.21
	0.23
	1.11
	0.39
	8.0
	0.006

	
	
	Note: Me-median of values, IQR-interquartile range, U-Mann-Whitney test for k-independent groups)



As can be seen from Table 2, the bone allograft provides a higher and longer retention of gentamicin in soft tissues adjacent to the implantation area. At the same time, when using PerOssal® granules, the presence of an antibiotic in the tissues was also observed throughout the entire observation period, but its concentration was lower and decreased more significantly.
A comparative analysis of radiological signs of experimental osteomyelitis was performed in animals treated with a bone allographt and PerOssal® material, according to a binary scale on the 14th, 28th and 42nd days of observation. Radiological severity of osteomyelitis was assessed on a binary scale that included focal osteolysis, sequestration, periosteal reaction, and signs of instability. Each feature was evaluated as 0 or 1; an increase in the total score corresponded to an increase in radiological manifestations of osteomyelitis. The median, interquartile range, and total score of radiological features were evaluated; intergroup differences were determined using the Mann-Whitney test. (table 3)


Table 3-Comparative analysis of radiological signs of experimental treatment of osteomyelitis (points on a binary scale)

	Day
	Allograft day (points)
	Perossal® (points)
	Mann Whitney p-test

	
	MMe
	Total
	IQR Score
	MMe
	Total
	IQR Score
	

	14
	1,0
	24
	1,25
	1,5
	33
	1,0
	0,0539

	28
	1,0
	12
	1,0
	1,0
	22
	1,25
	0,0396

	42
	0,0
	6
	1,0
	1,0
	14
	1,0
	0,0709 The

	entire follow-up period
(14-42) days
	0.0
	42
	1.0
	1.0
	69
	1.0
	0.0027



It was found that throughout the entire follow-up period, the total radiographic score was higher in the PerOssal® group than in the bone allograft group. On day 14, the total score was 33 vs. 24; on day 28, 22 vs. 12; and on day 42, 14 vs. 6 points, respectively. At the same time, both groups demonstrated a reduction in the severity of pathological changes by day 42; however, regression of radiographic signs was more pronounced in the bone allograft group.
Pairwise comparisons revealed no statistically significant intergroup differences on days 14 and 42 (p = 0.0539 and p = 0.0709, respectively), whereas on day 28 the differences were statistically significant (p = 0.0396). The overall assessment across the entire follow-up period also demonstrated statistically significant differences between the groups: the cumulative binary score was 69 in the PerOssal® group and 42 in the bone allograft group, corresponding to a 39% reduction in the severity of radiographic signs in the allograft group (p = 0.0027).
Thus, the use of bone allograft was associated with more favorable radiographic dynamics of chronic osteomyelitis compared to PerOssal®, as evidenced by lower severity of pathological changes and a faster decrease in the total radiographic score throughout the follow-up period.
Resume
To objectify the results of the experimental study, a comparative evaluation of the effectiveness of two methods of local gentamicin delivery was performed: using PerOssal® granules and a perforated bone allograft impregnated with this antibiotic.
The results obtained indicate that the perforated bone allograft impregnated with gentamicin provides a more prolonged local preservation of the antibiotic compared to PerOssal® granules. This was accompanied by more favorable X-ray dynamics and less pronounced signs of osteomyelitis during the entire follow-up period. Integral evaluation showed a 39% decrease in the total radiographic score in the allograft group compared to the PerOssal® group (p = 0.0027). Thus, bone allograft demonstrated higher efficacy as a carrier of gentamicin in the treatment of experimental osteomyelitis.
Conclusions:
1. Based on the results of the study, the following conclusions can be drawn: 
2. Perforated bone allograft provides 3.4 times (17.4 ng/ ml vs 5.02 ng/ml) higher concentration of the antibiotic in blood plasma by day 7 compared to PerOssal®. (p =0.0000) in rabbit osteomyelitis model
3.  Perforated bone allograft provides 5.2 times (1.11 ng/ml vs 0.21 ng/ml) higher average antibiotic concentration in soft tissues by day 7 compared to PerOssal®. (p =0.003) in rabbit osteomyelitis model
4. According to the results of X-ray examination of experimental animals in the group with bone allograft, signs of osteomyelitis are 39% less pronounced compared to PerOssal® (total score of the binary scale: 69 points vs 42 points) p=0.0027 in the model of osteomyelitis in rabbits.
Practical Recommendations
The results of this dissertation can be applied in the development of novel approaches to local antibacterial therapy for chronic osteomyelitis using a perforated bone allograft impregnated with an antibiotic. The data obtained support the potential of this material not only as a carrier for antimicrobial agents but also as a scaffold for the restoration of bone defects. The practical significance of this work lies in the possibility of further implementing the developed technology in clinical practice following the completion of the necessary experimental, preclinical, and clinical evaluation stages.
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